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Inspired by the preliminary experimental data by the CLAS Collaboration, the K∗0Λ photoproduction off a
neutron is studied within an effective Lagrangian approach. The contributions from the Born terms including
s, u, and t channels are considered to calculate the amplitude, with which the cross sections are calculated and
compared with preliminary CLAS data. The theoretical results indicate that the contribution from the t-channel
K exchange plays a dominant role for the K∗0Λ photoproduction. The contribution from the κ exchange is found
one order of magnitude smaller than that from the K exchange. Both the Regge model and the Feynman model
are applied to treat the t-channel contribution. The discrepancy between two models is found small in the energy
range of CLAS data and predicted to become obvious at energies higher than 3 GeV. More precise experimental
data especially at backward angles will be helpful to further understand the interaction mechanism of the K∗0Λ
photoproduction.
PACS numbers: 13.60.Le, 12.40.Nn
I. INTRODUCTION
In recent years, the strange meson photoproductions are
widely investigated in both experiment and theory. In addi-
tion to the photoproductions of ground-state strange meson
and strange baryon, i.e., KΛ and KΣ, the photoproductions of
an excited meson or baryon have been of interest in hadron
physics. Among these processes, the photoproductions of the
Λ(1520) and the Σ(1385) were found important to study the
nucleon resonances especially those around 2 GeV [1–6]. The
K∗ photoproduction was also suggested to be useful to study
the nucleon resonances and the κ meson [7–11].
The γn → K∗0Λ reaction attracts special attention because
of its absence of the contact term, which is usually dominant
in a photoproduction process [1–6]. The interaction mecha-
nism is illustrated in Fig. 1.
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FIG. 1. (Color online) Feynman diagrams for the γn → K∗0Λ reac-
tion.
These include the s channel with nucleon and its reso-
nances, t channels with K and κ exchanges, and the u chan-
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nel with hyperon (Λ, Σ and Σ∗). Usually, the contact term
should be included to keep the gauge invariance of the con-
tributions from the s, u, and t channels [12, 13]. However,
as shown in Refs. [7, 10, 11] and this work, the amplitudes
for the γn → K∗0Λ reaction from these channels are gauge
invariant themselves, which leads to the absence of the con-
tact term. The t-channel K∗ exchange vanishes also because
of the neutral charge of final K∗. Usually, the contribution
from the s channel with the nucleon pole is very small and
negligible and the u-channel contribution is important only at
backward angles [2, 3]. Hence, the γn → K∗0Λ reaction is a
very ideal channel to investigate the nucleon resonances and
the t-channel K and κ exchanges.
Thanks to the experimental data released from the facili-
ties such as CLAS [14], the K∗Λ photoproduction off a proton
was widely investigated theoretically [7–11]. However, be-
cause of a lack of experimental data, study of the K∗0Λ pho-
toproduction off a neutron is scarce except for some predic-
tions [7, 10, 11]. Recently, the CLAS Collaboration reported
preliminary experimental data for the γn → K∗0Λ reaction
[15]. In Refs. [7, 11], the contribution from the nucleon res-
onance was suggested to be small and the κ exchange is also
suppressed. The CLAS data provide an opportunity to do a
preliminary check of these opinions. And if they are right,
the K exchange becomes dominant at this interaction, which
is helpful for clarifying the role of the t-channel contribution
in the γn → K∗0Λ reaction.
In this work, within an effective Lagrangian approach, we
analyze the γn → K∗0Λ reaction based on the preliminary
CLAS data. The interaction mechanism illustrated in Fig. 1
will be included to calculate the differential cross section. In
Ref. [9] the Regge model is found essential to reproduce the
experimental data of the charged K∗ photoproduction. So, in
this work, both the Regge model and the Feynman model will
be applied to treat the t-channel contribution. The nucleon
resonances are not included in the calculation but a discussion
will be provided.
This paper is organized as follows. After introduction, for-
2malism including Lagrangians and amplitudes of the γn →
K∗0Λ reaction are presented in Sec. II. The numerical results
of the differential cross section follow in Sec. III and are com-
pared with CLAS data. Finally, the paper concludes with the
summary and discussion.
II. FORMALISM
To obtain the amplitude from the interaction mechanisms
in Fig. 1 to calculate the observables, we need the relevant
Lagrangians.
A. Lagrangian
For the s channel, the involved Lagrangians read as [7–11],
LγNN = −e ¯N(QN/A − κN4mN σ
µνFµν)N , (1)
LK∗NΛ = −gK∗NΛ ¯NΛ
(
/K∗ − κK∗NΛ
2mN
σµν∂
νK∗µ
)
+ h.c. , (2)
with the isodoublets
KT =
(
K+
K0
)
, K∗ =
(
K∗+
K∗0
)
, N =
(
p
n
)
, (3)
where Fµν = ∂µAν − ∂νAµ, and Aµ, K, K∗µ and N are the pho-
ton, kaon, K∗ and nucleon fields. QN is the charge of the nu-
cleon in the unit of e =
√
4πα with α being the fine-structure
constant, and κN = −1.913 is anomalous magnetic moment
of the neutron. We adopt coupling constants gK∗NΛ = −4.26
GeV−1 and κK∗NΛ = 2.66 GeV−1 determined by the Nijmegen
potential [16].
For the t-channel K exchange, we need following La-
grangians:
LγKK∗ = gγKK∗ǫµναβ(∂µAν)(∂αK∗β)K + h.c. , (4)
LKNΛ = −igKNΛ ¯Nγ5ΛK + h.c.. (5)
The photon coupling gγKK∗ is determined by the K∗ radiative
decay width [17], which leads to a value gγKK∗ = −0.388
GeV−1 for netural K∗. Moreover, coupling constant gKNΛ
can be determined by using the SU(3) flavor symmetry re-
lation [7–11],
gKNΛ = −
1√
3
(1 + 2α)gπNN = −13.24, (6)
with α = 0.365 and g2πNN/4π = 14.0.
The scalar κ meson exchange is allowed in the γn → K∗0Λ
reaction, and there does not exist the contact term which is
dominant in the K∗ photoproduction off the proton [9, 11]. It
was suggested to investigate the role of the t-channel κ ex-
change in the K∗ photoproduction while the result in Ref. [7]
suggested its contribution should be suppressed. In this work,
we will consider κ exchange in the t channel. To study scalar
κ meson exchange, we need to construct the effective La-
grangians for γK∗κ and κNΛ couplings [7–11],
LγK∗κ = gγK∗κAµνκ¯K∗µν + h.c. , (7)
LκNΛ = −gκNΛ ¯NκΛ + h.c. , (8)
with Aµν = ∂µAν − ∂νAµ and
κ = (κ+, κ0), κ¯T = (κ−, κ¯0)T . (9)
Usually, the mass and width of the κ meson are mκ = 700 ∼
900 MeV and Γκ = 400 ∼ 770 MeV, respectively [17]. Here
we employ mκ = 800 MeV, Γκ = 550 MeV, and gγK∗κgκNΛ =
−2.2e GeV−1 for neutral κ meson [7, 8].
For the u channel from the Λ(1116),Σ(1193) and Σ∗(1385)
exchanges, the effective Lagrangians depicting γΛΛ, γΣΛ,
K∗NΣ, KNΣ∗ and γΛΣ∗ couplings are of forms [7–11],
LγΛΛ =
eκΛ
2mΛ
¯Λσµν∂
νAµΛ, (10)
LγΣΛ = eµΣΛ2mΛ
¯Σ0σµν∂
νAµΛ + h.c. , (11)
LK∗NΣ = −gK∗NΣ ¯NΣ
(
/K∗ − κK∗NΣ
2mN
σµν∂
νK∗µ
)
+ h.c. , (12)
LK∗NΣ∗ = −i
f (1)K∗NΣ∗
mK∗
K
∗
µν
¯Σ∗µ · τγνγ5N
− f
(2)
K∗NΣ∗
mK∗
K
∗
µν
¯Σ∗µ · τγ5∂νN
− f
(3)
K∗NΣ∗
mK∗
∂νK
∗
µν
¯Σ∗µ · τγ5N + h.c. , (13)
LγΛΣ∗ = ieg12mΛ
¯Λγνγ5FµνΣ∗µ
− eg2(2mΛ)2 ∂ν
¯Λγ5FµνΣ∗µ + h.c. , (14)
where κΛ = −0.61, µΣΛ = 1.62, gK∗NΣ = −2.46 and κK∗NΣ =
−0.47 are adopted [7, 8]. The coupling f (1)K∗NΣ∗ can be obtained
from SU(3) flavor symmetry relations, which gives f (1)K∗NΣ∗ =
−2.6 [8]. In this work, we take f (2)K∗NΣ∗ = f (3)K∗NΣ∗ = 0 because
of the lack of relevant information [8]. The electric magnetic
coupling constants g1 and g2 are determined from the decay
width ΓΣ∗→Λγ as well as magnetic dipole (M1) and electric
quadrupole (E2) moments, which leads to values (g1, g2) =
(3.78, 3.18) [17].
In our calculation, the phenomenological form factors are
introduced to account for the internal structure of hadrons. We
adopt the functional form used in Refs. [7, 8],
Fs/u(q2ex) =
Λ4
s/u
Λ4
s/u
+ (q2ex − m2ex)2
, (15)
for the s and u channels, and
Ft(q2ex) =
Λ2t − m2ex
Λ2t − q2ex
, (16)
for the t channel. Here qex and mex are four-momentum and
mass of the exchanged hadron, respectively. The values of
cutoffs Λs, Λu and Λt will be determined by fitting experi-
mental data.
3B. Amplitudes for γn → K∗0Λ process
After above preparations, the invariant scattering ampli-
tudes for the γn → K∗0Λ reaction can be written as,
− iMi = ǫν∗λK∗ (k2) u¯λΛ(p2) Ai, µν uλn (p1) ǫ
µ
λγ
(k1). (17)
Here uλ(Λ,n) is the Dirac spinor of neutron or Λ with helicity
λ(Λ,n). ǫλ(K∗ ,γ) is the polarization vector of K∗ or photon with
helicity λ(K∗ ,γ).
The reduced amplitudes Aµνi for s-, t- and u-channel contri-
butions read,
Aµν
s(N) =
egK∗NΛ
2mN
κN
s − m2N
(
γν − κK∗NΛ
2mN
γν/k2
)
× (/k1 + /p1 + mN)γµ/k1Fs , (18)
Aµνt(K) =
−igγKK∗gKNΛ
t − m2K
ǫµναβk1αk2βγ5Ft , (19)
Aµνt(κ) =
−2gγK∗κgκNΛ
t − (mκ − iΓκ/2)2
(
k1k2gµν − kν1kµ2
)
Ft , (20)
Aµν
u(Λ) =
eκΛ
2mΛ
gK∗NΛ
u − m2
Λ
γµ/k1 (/p1 − /k2 + mΛ)
×
(
γν − κK∗NΛ
2mN
γν/k2
)
Fu , (21)
Aµν
u,(Σ) =
−eµΣΛ
2mΛ
gK∗NΣ
u − m2
Σ
γµ/k1 (/p1 − /k2 + mΣ)
×
(
γν − κK∗NΣ
2mN
γν/k2
)
Fu , (22)
Aµν
u(Σ∗) =
−e f (1)K∗NΣ∗
mK∗
 g12mΛ γνγ5 +
g2
4m2
Λ
p2νγ5

×
(
kβ1g
µν − kν1gµβ
) /qu + mΣ∗
u − m2
Σ∗
Gβαγσγ5
×
(
kα2 g
νσ − kσ2 gνα
)
Fu , (23)
with
Gβα = gβα −
1
3γβγα −
2(qu)β(qu)α
3m2
Σ∗
− γβ(qu)α − γα(qu)β3mΣ∗ , (24)
where s = q2s = (k1 + p1)2, t = q2t = (k1 − k2)2 and u = q2u =
(p2 − k1)2 are the Mandelstam variables.
In Ref. [18] and our previous works [2–4, 6], an interpolat-
ing Regge treatment was introduced to interpolate the Regge
trajectories smoothly to the Feynman propagator at low en-
ergy at a cost of four additional free parameters introduced.
Since there are only 17 data points in preliminary CLAS data,
we do not adopt the interpolating Reggiezed treatment but
the Feynman model and the Regge model. For the Feyn-
man model, the t-channel amplitude in Eq. (19) is applied di-
rectly. The Regge model can be introduced by replacing the
t-channel Feynman propagator with the Regge propagator as
follows [19–21],
1
t − m2K
→ ( s
sscale
)αK (t) πα
′
K
Γ[1 + αK(t)] sin[παK(t)] , (25)
1
t − m2κ
→ ( s
sscale
)ακ(t) πα
′
κ
Γ[1 + ακ(t)] sin[πακ(t)] . (26)
The α′K is the slope of the trajectory and the scale factor sscale
is fixed at 1 GeV2. In addition, the kaonic Regge trajectories
αK(t) and ακ(t) read as [9],
αK(t) = 0.7GeV−2(t − m2K), ακ(t) = 0.7GeV−2(t − m2κ).
III. NUMERICAL RESULTS
As mentioned above, the s channel with nucleon pole, the
t channels with K and κ exchanges, and the u channels with
Λ,Σ and Σ∗ exchanges are included to calculate its differen-
tial cross section, which will be compared with the CLAS
data. The differential cross section in the center of mass (c.m.)
frame is given by
dσ
d cos θ =
1
32πs
∣∣∣∣~k c.m.2
∣∣∣∣∣∣∣∣~k c.m.1
∣∣∣∣
14
∑
λ
|M|2
 , (27)
where s = (k1 + p1)2, and θ denotes the angle of the outgoing
K∗0 meson relative to the beam direction in the c.m. frame.
~k c.m.1 and ~k
c.m.
2 are the three-momenta of the initial photon
beam and final K∗, respectively.
A. Fitting procedure
The preliminary CLAS data [15] will be fitted with the help
of the minuit code in the cernlib. In literature [7–11], the cut-
off values for thes channel and u channel for the γN → K∗Λ
were usually determined to be 0.9 GeV. Numerical tests show
that for the present case the contribution from the s channel
is negligible and contribution from the u channel is important
only at the backward angle where the experimental data do
not exist. Thus, in this work the cutoffsΛs andΛu are fixed as
Refs. [7–11]. Other parameters have been fixed as presented
in the previous section, and we would like to note that with
these parameters the cross section of K∗+Λ photoproduction
was reproduced [9]. Hence, a one-parameter χ2 fitting (Λt)
will be performed to fit the CLAS data of the differential cross
section dσ/d cos θ.
The CLAS experimental data of the differential cross sec-
tion dσ/d cos θ include 17 data points at three intervals of the
beam energy Eγ =1.9−2.1, 2.1−2.3 and 2.3−2.5 GeV. The
data will be fitted in two schemes, the Reggeized model and
the Feynman model, as interpreted in the previous section.
The fitted values of the only one free parameter Λt in two
schemes are listed in Table I.
One notices that the fitted cutoff values in the Feynman
model and the Regge model are close to the values for the
K∗+Λ photoproduction off the proton target [9].
4TABLE I. The fitted value of free parameter Λt in the unit of GeV
and compared with values for the K∗+Λ photoproduction [9].
Λt χ
2/do f Λt in Ref. [9]
Feynman 1.05±0.01 1.99 1.15
Regge 2.28±0.12 1.68 1.55
B. Cross section for the γn → K∗0Λ reaction
The differential cross section dσ/ d cos θ obtained in two
schemes are illustrated in Fig. 2. Both results are accept-
able considering that only one parameter is fitted in the cur-
rent work. The difference between the best-fitted χ2 for two
schemes are small with values 1.99 and 1.68 for the Feynman
and the Regge models, respectively. The slope of curve in the
full model for the Regge model is steeper than that for the
Feynman model, which results in the Regge model working
better at forward angles while the Feynman model is better at
medium angles ( cos θ around 0) .
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FIG. 2. (Color online) The differential cross section dσ/d cos θ for
the K∗0Λ photoproduction from the neutron as a function of cos θ.
The experimental data are from Ref. [9]. The marks (F) and (R) are
for the Feynman model and the Regge model, respectively. The full
(black), dashed (red), dotted (blue), and dash-dotted (dark yellow)
lines are for the full model, K exchange, κ exchange, and u channel.
The thinner full line (violet) is for the Regge model without the form
factor.
One can find that the K exchange is dominant at energies
Eγ = 2.0−2.4 GeV. The κ-exchange contribution is much
smaller than the contribution from K exchange and almost has
no effect on the differential cross sections in the full model.
The s-channel contribution is negligible as the other photo-
production process. The u channel works at backward angles
and leads to a small increase of the differential cross section.
To provide a clearer picture of the interaction mechanism of
the K∗0Λ photoproduction, more experimental data at higher
energies are expected. Here we present our prediction of the
differential cross section at higher energies upto 4 GeV in Fig.
3. Differences between the Regge and the Feynman model at
low energies are small but become large at higher energies,
which will be useful in clarifying the role of the Reggeized
treatment and can be tested by further experiment.
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FIG. 3. (Color online) The differential cross section dσ/d cos θ for
the K∗0Λ photoproduction from the neutron as a function of cos θ.
The notations are as in Fig. 2.
The contribution from the K exchange is dominant at for-
ward angles while the contribution from the u channel be-
comes more and more important at backward angles with the
increase of the energy. The differential cross section in full
model is almost from these two contributions.
The formalism and parameters adopted in this work are the
same as those in Ref. [9] except for cutoff Λ. In Ref. [9]
the charged K∗ photoproduction was studied and the experi-
mental data were well reproduced by both the Feynman and
the Regge models. It suggests such formalism is effective for
both charged and neutral K∗ photoproducitons.
One may notice that following Ref. [9] the form factor for
the t channel is not removed after the Regge treatment in the
current work. In fact, because the Regge treatment is phe-
nomenological, there does not exist any strict theoretical re-
quirement to remove the form factor, or keep it. In this work,
we also present the results without the form factor in Figs. 2
and 3. After removing the form factor from the t-channel con-
tribution, the differential cross sections increase at all ener-
gies considered, and their slopes become less steep. It is easy
5to understand because the form factor provides an increased
suppression of the t-channel exchanges at backward angles.
To reproduce the experimental data after removing the form
factor, we will have to decrease the coupling constant gKNΛ
because the K exchange is dominant and other parameters are
fixed in the Regge model.
The total cross section of the γn → K∗0Λ process is illus-
trated in Fig. 4. It is found that the t-channel K exchange is
dominant at energies from the threshold up to 4.5 GeV. The
contribution from the u channel increases with the increase
of energy. The contribution from the t-channel κ exchange
is larger but still negligible when the Reggeized treatment is
considered. At high energies, the total cross section with the
Regge model decreases more rapidly than that with the Feyn-
man model.
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FIG. 4. (Color online) (a): Total cross section for γn → K∗0Λ reac-
tion. The notations are as in Fig. 2.
IV. SUMMARY AND DISCUSSION
Within an effective Lagrangian approach, a one-parameter
fitting is done to preliminary CLAS data of the K∗Λ photo-
production off the neutron with the Feynman and the Regge
models. The numerical results indicate that the differen-
tial cross section is well reproduced by Regge model with
χ2/do f = 1.68. The Feynman model works better at medium
angles with a little worse χ2=1.99. The discrepancies between
the Regge model and the Feynman model are small at low en-
ergies Eγ =2.0−2.4 GeV but become obvious at higher ener-
gies especially at backward angles.
The result suggests that the t-channel K exchange is over-
whelmingly dominant at K∗Λ photoproduction off the neu-
tron. It was suggested that the K∗ photoproduction is the ideal
process to study the κ exchange. However, our results con-
firmed the conclusion in Ref. [7] that the contribution from κ
exchange is much smaller than the contribution from the dom-
inant K exchange (by one order of magnitude), which makes
it difficult to study κ meson in this process.
Nucleon resonances are not included in the fitting of the
experimental data. The small χ2 suggests their contribu-
tion should not be very large [7, 11]. However, the nucleon
resonances still may provide a considerable contribution at
medium and backward angles. It is interesting to see that
the Feynman model works better at forward angles while the
Regge model is better at medium angles, where the differen-
tial cross section is smaller than those at forward angles (see
Fig. 2). If we recall that the differential cross section from a
nucleon resonance decaying to K∗Λ in the S wave is flat with
variation of cos θ, it is possible that nucleon resonances, such
as N(2120) which provides considerable contribution to the
γp → K∗+Λ reaction, have an observable effect on the dif-
ferential cross section at backward angles for the K∗0Λ photo-
production. Another possibility is that the interpolating Regge
treatment in Ref. [18] should be introduced, with which the
Regge treatment works at forward angles and the Feynman
propagator works at backward angles. Because more free pa-
rameters will be introduced (there are only 17 data points in
the preliminary CLAS experiment with considerable uncer-
tainties for data points at medium angles [15]), a fitting in
the interpolating Regge model and/or with nucleon resonance
contribution is impractical here.
The preliminary CLAS data are helpful to understand the
interaction mechanism of the K∗0Λ photoproduction, such as
confirming the dominance of the K exchange and the small-
ness of nucleon resonance contribution. The precise data at
energies around 2 GeV and data at high energies, especially at
backward angles will be helpful to clarify the roles of nucleon
resonances and the Regge model, respectively.
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